Introduction
Cancer stem-like cells (CSCs) are similar to normal stem cells and exhibit properties of both symmetric and asymmetric cell division, self-renewal and, to a certain degree, differentiation 1, 2 . The origin of CSCs is still debated. They may either originate from normal (tissue) stem cells or form in a process similar to reprogramming (dedifferentiation). The earliest evidences of CSCs were reported in a breast cancer 3 and in acute myeloid leukemia 4 . The existence of CSCs was later also reported in neural 5 , colon 6 , pancreatic 7 , head and neck 8 prostate 9 and other cancers 10, 11 .
CSCs remain largely resistant to the majority of current anti-cancer therapeutics (i.e. chemotherapeutic drugs) even though such therapies kill differentiated cancer cells that form the bulk of the tumor 12, 13 . Though it is not clearly understood, several stemness-related cell signaling pathways including Notch, Wnt, Hedgehog and others that are vital to cell cycle, differentiation and metabolism may be deregulated when compared to normal stem cells 14 . Better knowledge about the (de)regulation of pathways like phoshatidylinositol 3-kinase (PI3K)/Akt and Janus kinase (JAK)/ signal transducer and activator of transcription (STAT) could provide crucial insights into understanding the pathophysiology of CSCs in tumor and provide new clues helpful in the development of therapeutic strategies 15 . PI3K-Akt pathway is downstream of many signaling cascades including tyrosine receptor kinases (TRKs) and G-protein coupled receptors (GPCR) and up-regulated in several types of cancer 16 . The major reason for the hyper-activated PI3K-Akt pathway are inactivating mutations in phosphatase and
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4 tensin homolog (PTEN), the inhibitory phosphatase responsible for the dephosphorylation of PI (3, 4, 5) P3 and inhibition of downstream signals 17 .
PI3-Kinase consists of a catalytic subunit (P110) and an adaptor/regulatory subunit (P85). Both form a heterodimeric complex, which is activated either through receptor conformational changes or by TRK and GPCR 18, 19 . The cytosolic PI3-Kinase is responsible for the phoshorylation of the inositol ring of PI (4, 5) P2 at the 3 rd position to create PI (3, 4, 5) P3 which is a potent second messenger 20 . This function of PI3-Kinase is crucial for the recruitment of specific proteins containing pleckstrin-homology (PH) domain or FYVE domain to the cellular membrane 21 .
Akt/protein kinase B (PKB) is a primary downstream target of PI3Kinase, carries the PH domain, and is recruited to the plasma membrane from the cytoplasm 22 .
Membrane recruitment and binding to PI (3, 4, 5) P3 causes conformational changes in Akt, resulting in exposure of its phoshorylation sites T308 and S473 which are then phosphorylated by phosphoinositide dependent kinase (PDK) and mammalian target of rapamycin (mTOR)/rictor, respectively 23, 24 . Thus, the activated (phosphorylated) Akt stays mostly in the cytoplasm. However, under certain conditions it may also be transferred into the nucleus 25 . Here, it then triggers the regulation of downstream signaling molecules that play a role in cell survival, growth, migration, proliferation and cell death 25 .
The cytoprotective function of Akt is attributed to its ability to both promote activation of anti-apoptotic molecules and to inhibiting the pro-apoptotic molecules of the B cell lymphoma 2 (Bcl2)-family member Bad and fork head transcription factor, FKHRL 26 . Akt is also involved in the phosphorylation of different cell
5 proliferation factors such as cyclin-dependent kinase (CDK) inhibitors p21 Waf1/Cip1 and p27 kip1 and glycogen synthase kinase-3 (GSK3) 25, 27 . Akt mediated phosphorylation of p21 Waf1/Cip1 and p27 kip1 leads to their shift from nuclear localization to cytoplasmic localization and thus promoting the transition from G0 to S phase [28] [29] [30] . Akt mediated inhibition of GSK3 prevents the phoshorylation of -catenin, which impedes its degradation, thus, enhancing cell proliferation 28 . In this study we have investigated the effects of Akt intracellular compartmentalization on the biology of cancer stem-like cell population. We have found that the intracellular localization of PKB/Akt kinase affects the maintenance of CSCs through up regulation of yamanaka factors Oct3/4, cMyc and Sox2 along with Nanog. When Akt-NLS was overexpressed in our model cell lines, breast cancer cells responded with 10-15% increase in number of cells with CSC characteristic in mammospheres.
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Results
Nuclear localization signal (NLS-) tagged Akt activates downstream targets similar to wild type (WT) Akt:
In this manuscript, we refer to Akt-1 as simply "Akt". Akt constructs were transiently transfected into breast cancer cells, SKBR3 and MDAMB468, leading to Akt overexpression of 20-25% and ~50% respectively (Supl. Fig. 1A ). We further checked for the intracellular localization of Akt upon transfection and observed that NLS-tagged Akt was profoundly localized to the nucleus where it displayed a punctate staining pattern, with some Akt still remaining in the cytoplasm (Fig. 1A, and Supl. Fig. 1B ). However, upon transfection of WT Akt construct lacking the NLS sequence the protein was predominantly localized to the cytoplasm (Fig. 1A, and Supl. Fig. 1B ).
Once the localization of Akt protein expressed from the transfected constructs was established, we focused on the functional aspects of Akt intracellular compartmentalization. Akt localized to the nucleus was more frequently phosphorylated at T308 as compared to cytoplasmic WT Akt, implying an increase in Akt activity upon nuclear localization (Fig. 1B) . This observation was further confirmed with increased levels of downstream target of Akt, mTOR (Fig.   1B ).
Localization of Akt to the nucleus enhances the cancer stem-like cell population:
7 Akt overexpression and its nuclear localization play a vital role in the maintenance of pluripotency among murine embryonic stem cells and cardiac progenitor cells 31, 32 . We determined whether nuclear targeting of Akt would further enhance stemness of breast cancer cells. Transiently transfected breast cancer cells (SKBR3, MDAMB468) with Akt-NLS resulted in an increased ALDH positive cell population (ALDH +/High ) as compared to control plasmid transfected cells ( Fig. 2A and 2B, Supl. Fig. 2A and Supl. 3C ). Similar experiments were carried out using SKBR3 mammosphere assays.
Measurement of the CSC-like phenotype (ALDH +/High /CD44 +/High /CD24 -/Low ) in SKBR3-mammospheres confirmed that Triciribine (10 m) drastically reduced the CSCs phenotype in SKBR3, which had been transfected with Akt-WT or Akt-NLS ( Fig. 3D and Supl. Fig. 4A ).
Akt-NLS over expression increases expression of stem cell reprogramming factors: Following the above findings that Akt is necessary for increasing CSCs population and its nuclear localization further enhances CSCs we investigated to find if Akt's nuclear localization further enhances expression and/or stabilization of known pluripotent factors like Oct3/4, cMyc, Nanog, Sox2 and KLF4. We observed that both wild type and NLS tagged Akt constructs showed increase in expression of Oct3/4, cMyc and Nanog protein levels (Fig. 4A) . We did however observe marked difference between Akt and Akt-NLS expressing cells in the mRNA levels of Oct3/4, cMyc, Sox2 and Nanog. While Akt wild type increased the transcription of Oct4, cMyc, Sox2 and Nanog, Akt-NLS showed significant up regulation of only cMyc mRNA levels and partial increase in Oct4 and Nanog levels ( Fig. 4B ).
However both Akt constructs didn't show any such alteration in KLF4 both at transcriptional and translational levels ( Nuclear localized Akt increases cell proliferation and cell survival: Akt nuclear localization was shown to decrease G0/G1 phase by phosphorylation of cell cycle inhibitory proteins p21 Waf1/Cip1 and p27 kip1 , resulting in their cytoplasmic transport and attenuation of nuclear cell cycle inhibitory functions 29, 30 . Using western blot analysis, we observed that Akt-NLS over expressing breast cancer cells contained more of p21 Waf1/Cip1 and p27 kip1 total protein levels but only p21 Waf1/Cip1 showed increase in phosphorylation by Akt-NLS. However, both p21 Waf1/Cip1 and p27 kip1 showed increased phosphorylation by Akt-WT (Fig. 5A ).
Subsequently we performed qRT-PCR and found a similar significant increase in p21 Waf1/Cip1 and p27 kip1 mRNA by Akt wt as protein expression but in the presence of Akt-NLS only p21 Waf1/Cip1 showed significantly increased expression (Fig. 5B ).
Given the observed difference in expression and activity of cyclin dependent kinase inhibitors p21 Waf1/Cip1 and p27 kip1 among Akt and Akt-NLS transfected cells, a further regulation in the expression and functional activity of cell cycyle regulatory proteins were studied. We noticed a marked upregulation in the expression of cell cycle enhancing proteins cyclin D1 and cyclin E1 representing a G0/G1 to S phase transition upon Akt and Akt-NLS over expression (Fig. 5C ). Similarly mRNA levels of cyclin D1 were showed significant increase upon Akt-NLS expression and a similar trend was observed with Akt wild type expression even though no statistical significance was observed (Supl. Fig. 5A ). Contrastingly, cyclin E1 mRNA levels were increased both by Akt wt and Akt-NLS but no statistical significant difference was observed with the later (Supl. Fig. 5A ). We further analyzed cyclin A1 and cyclin B1 expression, which monitor the transition from S phase through G2 to mitotic phase. Cyclin A1 protein expression showed an increment in Akt wt and Akt-NLS overexpressed cells (Fig. 5C ), but mRNA levels were significantly up regulated among Akt wt and significantly down regulated by Akt-NLS overexpression (Supl. Fig. 5A ). Cyclin B1 protein levels however didn't show any significant change by either of Akt contructs (Fig. 5C ), but its mRNA showed significantly higher levels in the Akt-NLS over expressed cells than control and Akt wild type (Supl. Fig. 5A ). The described above observations concerning the expression of cyclins need to be treated with caution, as it has been previously observed that manipulation of the cell cycle, may artificially affect the quantity of the expressed cyclins 33 .
Because of the above similarities and differences in the expression and function of CKI's (p21 Waf1/Cip1 and p27 kip1 ) and cyclins among Akt and Akt-NLS transfected cells, we further assessed the impact of such changes on cell cycle profile of Akt and Akt-NLS over expressing cells. As shown in the figure 6A, Akt-NLS over expression shows a significant decrease in G0/G1 phase cells and distinct increase in G2/M phase cells as compared to controls. A similar trend was observed with Akt-WT over expressing breast cancer cells but without statistical significance compared to the corresponding control cells (Fig. 6A) .
Finally, we assessed whether the cell survival functions of Akt are enhanced in our model and could contribute to the increase in the CSCs population. We assessed cell death in our experimental system, using apoptotic dye Po-Pro and necrotic cell death marker 7-AAD. As shown in the figure 6B, cells over expressing Akt-WT or Akt-NLS showed lower staining for Po-Pro and 7-AAD, implying an increase in cell survival in the presence of Akt-WT and Akt-NLS.
Discussion
The presence of cancer stem-like cells is now widely accepted and reported amongst most cancers 13 . Some types of (cancer) stem cells may even be differentially visualized by certain fluorescent dyes 34, 35 . Even though fewer in numbers, cancer stem-like cells show resistance to currently available radiation and chemotherapeutic interventions and thus cause cancer reoccurrence.
Previous studies reveal that the PI3K/Akt pathway plays a pivotal role in oncogenesis by inhibiting pro-apoptotic signaling molecules and maintaining pluripotency among murine and cynomolgus monkey embryonic stem cells 31, 32 .
The intracellular localization of Akt has attracted significant interest in the last decade because of Akt displaying diverse functions when present in cytoplasm as opposed to its compartmentalization in the nucleus or mitochondria. While cytoplasmic Akt is well known for its cell survival effects and metabolic regulation, the role of nuclear localization of Akt is less clear. Nuclear Akt may support cell proliferation or cell death depending upon the trigger and stage of the cell cycle 25, 36 . Akt mitochondrial localization, i.e. as a result of activation of PI3K by Insulin like Growth Factor 1(IGF1), regulates the -subunit of ATP-synthase and inhibits GSK-3 function 37 . Because of its critical and diverse functions depending on Akt intracellular localization, we explored the functional aspects of Akt in the nucleus and its ability to promote maintenance of stemness in human breast cancer cells.
Our work shows that the introduction of Akt-WT and Akt-NLS into breast cancer cells resulted in an increase of the CSC population which was, at least in part, the One of the prominent functions of nuclear Akt is to promote cell proliferation through the phosphorylation of cell cycle inhibitory proteins p21 Waf1/Cip1 and p27 kip1 , resulting in their cytoplasmic export and degradation 29, 30 . Nuclear presence of Akt also leads to an increase in the levels of cell cycle promoters cyclin D1 and CDK2 25, 44 . Since nuclear Akt may affect the status of cell cycle-regulating proteins, we investigated whether the observed increase in cancer stem-like cell population with nuclear Akt coincided with those same activities. We hypothesized that nuclear Akt may reduce G0/G1 cell-cycle phase, thus, promoting cell cycle progression in CSCs. Indeed, the presence of Akt-NLS coincided with a short G0/G1 phase and a relative increase in the percentage of cells in G2 phase. In agreement with the above, we observed increased phosphorylation of p21 Waf1/Cip1 upon Akt-NLS expression leading to p21 Waf1/Cip1 cytoplasmic translocation and removal of its inhibitory effect on cell cycle progression. Even though Akt-NLS expression resulted in a decrease in phosphorylated p27 kip1 , this effect was not statistically significant when comparing to p27 kip1 phosphorylation status in control cells. Based on these evidences we further looked for the active role of nuclear Akt in the cell cycle. Akt NLS, similar to wild type Akt showed increase in cyclin D1, E1 and A1 Akt inhibitors do not distinguish between cytoplasmic and nuclear Akt, resulting in major side effects. These pharmacological inhibitors also do not selective for different Akt subtypes; for example, Akt inhibitors also block the insulin dependent glucose transport that leads to hyperglycemia 48 . Based on our findings, we propose to focus on the development of strategies to specifically or at least preferentially inhibit nuclear Akt.
In conclusion, this study shows the importance of subcellular localization of Immunocytochemistry: Cells were grown on coverslip in 12-well plate. Posttransfection, cells were fixed in 4% paraformaldehyde solution (Santa-Cruz, USA) for 30 min at room temperature (RT) and washed 3 times with PBS. Cells were permeabilized with 0.1% Triton X for 10 min at RT and blocked using 1% BSA, intervened by 3 times with 1XPBS wash. Further, cells were incubated in primary antibody overnight at 4C and followed by 3 times wash with 1x PBST. Then respective secondary antibody was added and incubated for 1h at RT and followed by a triple wash with 1x PBST. DAPI was used for nuclear counter staining, intervened by 3 times washing with 1x PBST and cells were mounted on a slide with a mounting medium. Images were captured using a Laser Scanning Confocal Microscope (Zeiss). total RNA was reverse transcribed into cDNA using Maxima® First Strand cDNA Synthesis Kit for qRT-PCR (Thermo Scientific, USA) using CFX96™ real-time PCR detection system (Biorad, USA). Next, cDNA was added to the reaction mix containing iQ™ SYBR® Green Supermix (Biorad, USA) and primers (Table 1) .
Each gene reaction were performed in triplicates using a two-step PCR amplification program with initial denaturation at 95 °C for 3 min, followed by 40 cycles of 95 °C for 10 s and 30 s at different primer-specific annealing/extension temperature using CFX96™ real-time PCR detection system (Biorad, USA). Glucose-6-phosphate dehydrogenase (GAPDH) was used as housekeeping gene to normalize the amount of cDNA between different samples. Cycle threshold (CT) values from the logarithmic amplification phase were used for calculating relative quantification of each gene by applying the -2 ΔΔCt method.
Statistics: All the statistics (One way Anova including Bonferroni post hoc test)
were performed using Prism (version 5.0d) and p-value <0.05 is considered as statistically significant. 
